


RO N P S ' lf
LA-UR -80-3137

TITLE: POSSIBLE APPLICATION OF ELECTROMAGNETIC GUNS TO IMPACT FUSION
AUTHOR(S): R.N.Kostoff, A.T.Pcaslee,Jr., F.L.Ribe

SUBMITTED TO: ARRADCOM/DARPA Sponsored open confercnce on
Electromagnetic Guns and Launchers, Nov. 4-6, 1980,
San Diego, CA

MASTER

N st e e DISC AR

Wy e ptance of thes art e, 1 publeber teoogmeses that the
U Govemnent etans g nonendhimive toyalty free loenwe
10 bbb o reproduese the pabile el foray of th s o mtnhua
non, or o allow others o do so, Jor UGS Goverivomnd guie
[T EY

The Los Alanun Boentihe 1 oluratory weguests that the pob
hnher bty thuy arti b gy wasth perfornwed umber e mm
mees of he U1 S Depattneng of Liwigy

University of California

LOS ALAMOS SCIENTIFIC LABORATCRY

Post Otfice Box 1663 Los Alamos, New Maexico 67545
An Affimative Action/Equal Opportunity Empioyor

1 orm No, 830 R) UNITI D STANES ",-‘
St No. 2629 I RAIIAE MY /AP B M N


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


FOSSIELE APFLICATIUGN OF ELECTRCMAGNETIC GUNS TO IMPACT FUSION®
ty

R.N.hostoff.

U.S.Lepertment of Energy

A.T.Peaslee,Jr.,
Los Alamos Kational Scientific Laboretory

F.L.kite,

University of wWashington

1. Introduction

The recent advances ir macroperticle acceleratnr-s end especially
the advances in electronapnetic gun technolory have renewed interest in
the concept of impact fusinn that wase first proposed in the early
16(0s(Ref. 1). The Lepartment of Energy initiated a review of impact
fusion eoncepts in nid-1679. A team consisting of the University of
hashington and the Los Alamae Naticnal Sclentific Laboratory was
selected to perform a technical anulysis of and penerate criterlia for
inpect fusion. A major workshzp on impact fusiarn was conducted ir.
early July of 1¢76 by the Uw/LACL team in Los Alanos, Kew Mexlcen(Ref.
z), and a final report hes been issuved(kef. 3).

Like other inertial cortinemrent fusion concepts. the najor
application of inpact fusiorn would te t~ the jerncretion of electric
jovwer. he shull review the possible ajplications of electromarne.ic
tuns to injeet fusinn {or electric power based upar the results »f tle
above vurkelp and technicel . vsis,

11. Impact Fusion Coneept

Inpact fusinu ir the conversion of the kinetie ernerpy of & fast
noving., initially stitionery nacropor-ticle projectile into the internal
enercy of tusile nate=ial.  The =erultinge internel enerpy o1 the funile
naterial is grat eyl Lo praduce & fusile plesne that har o
tenjemature. prescurc, and censily sufficlently hipl. in &b least ane
Ieatio:s Lo produce o therronueloir repctinon.  "rir initial fusio,
reaclinh nay be lampe oenouph Lo causc tuslon ipndtion 2of o sizeatlc
fruction ot the fusile jlasna. To procuce o sipnificant enerpy rFoin, o
substantial fractinn of the reacting fuslle naterinl nust Le eonsumed
and converted to ash beforc the fusile ness disassentles and the
thernouuelcir Lbuen s guencled.  Sinee the inertia of the [=njectilc
b-921ones Lhe dirossenl ly proconn, impact fusion §s pencricully .
inertind eonfincnent fusion (1CF) coxejt.

The convereion of kinctic enespy into internal enempy iv
seon Holed ty eclldding Lthe naceropar-ticle progertile with o
stationary timpot o with annothor neerapi-ticle prodectile dnside
renction clunler. The neceseary Jeneth of the neemape=ticle
aceclerubor, perkaps hindrxde of neters o2 more, procludes Lhe use of
muny isot=op fcolly convery ing nioeropin=ticle bems. A two el liding
progectile tarpel systen. ot mont, {s eonrldered fearible,

5ponored Ly Lhe L.SJopamtment ot kne=py
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To produce electric power, the energy released by the
thermonuclear process is absorbed by the reaction chamber wall and
transferred to a working fluid that in turn drives an electric
generator. The debris is exhausted from the reaction chamber. and the
process is repested. As in other fusion power concepts, neutrans
produced in the thermonuclear burn can be captured in s breeding
blanket for fusion fissior hybrid operation(ﬁef.h).

I11. Systen Constraints

Eohachevsky  Eooth. Krakowski, and Miller have shown that it is
feasible to have an inpact fusion power reactor that is capable of
containing 100 pipgajoule pulses with duty cycles as short as one pulse
every ten seconds usirg about a tn meter radius fluid wall
veustl(Ref .5,€,7). Williams. both. and K-akowski have showr that the
ninimun. theruonuclear yield per pulse niust be mmre than 1 gipajoule if
the power plant is to be cost conpetitive with other forms of power
genieratior even if the cost ~f the enperded tarpet systor is as 1w &acs
31 per pulse(kef. ¢). Thir sanme systen study showed that the retin (
of thertonuclear yield per pulse to projectile kinctic enerpy nust 1ot
be less than sbout thirty if there is Lo be a reasonatle recirculating
power frzetion in the plent. There are meny problems, such as
trajectory control and targeting, for whiech solutions have not yet Leen
founu.

IV. Target Interactionre

In order to obktadn @ useful themonuclear turn, one neecds a plasre
tenjerature of over & kilovolts. a plasna pressure 2f atout 1007
ney ebars, and en sl density of the orde= of 3x 177 jore pe= ce(lef.
). LUsing & nadkcl in whiel, chock preheeting iv followed ty unifomm
e ression, denl oo Lan ghowt, that o plener ta~pet rystor leads to
jre.jectile velocily recuirarents that are sbout 7 factor of five Hiphes
than for o cphericelly eonverging tarpet systen(hef. 15). 1In hir
caleulet: e, Jorboe taker irto accnunt thermal conduction and
Fromsso=abiluny ~ediot oon lorses.  Audenne~de has shown tlat Lhe enc=y)
lossce due W sphierical=-tam ot conp-essitility arre eonsistent witl
those assunee by Jirtoc(ket,  17),

The linear nueropirticle veloelty mequirements fo= duplicating
Liser pellar ¢ g -eesione o-c bigke= 1y o facta= of alout six thar fo-
the cnne where nae=partfcle lincor encpy ir converted to sphe-iced
tarps bt ehermpy in iocingle bLyd=odyninice scquence(kef. 1.). (nly @
puray hyaradynte ie sthericilly, or quari=sphericilly s ennvespent
tam el systan reony felrible for inpact fusis,

A onidor preot Yan jno1 poct furian Lampet dersiver e Lhe eonverving
o1 lincar kinctic enc=py of the projectilce into o spheiically, or
quasi=sphicmicilly . converplnge congrecvion of the the=motuclear fuel
without o Severo 1ass ao deerpy and assemt ly velnejty.  Althreupgh o
definitive caleulation har nob yet been donc, o maxirun energy transfe-
fron linear to spherical notion would sean Lo Lo alout 207 with a snall
Inee in velncily for two eol Mding nincropa=ticler of caunl masses and
cqual and opposite velaedties. T iy alw neeensa=y to avold excensive
Larpat accuraey reguirements for the maeroparticles,
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Starting with Jarboe's optimal spherical target system of an
imploding shell with about 12 mega?oules of energy moving spherically
inward with a velocity of 1.3 x 10/ cm/sec(Ref. 13). adding the
assumption of 20% energy efficiency in going from linear to sphericel
motion with no loss in velocity. and assuming equzl nass projectiles
mcving towards each other, one finds the mass. velocity. and energy of
each projectile to be those given in Table 1 under the c¢column "No
Velocity Multiplier". The thermonuclear yield per pulse comes fron
applying the systen. requirenent C=37.

Veloacity multiplication bty enlliding macroparticles »f
successively smaller masses has been propnsed by Winterberg. amorg
others. as a means 2f reducing the velacity requirements on impact
fusion(Ref. 14}. Assuning a nacroparticle mass ratis »f ten to one.
one stage nmultiplication, and epplying simple impact mecharniecs without
any inelastic losses for velocity nultiplication (which is most
optimistic), one finds the results given in Table 1 under the heading
"with Velocity Multiplier"™. Planer shock relstions are used in these
calculations for Lhe preheet before the uniform ecompression.,
Christiansen(kef. 1%.) discusses the possibility that sprherical shock
and wave focusinp might ~educe the macrope~ticle velocity ~ecuirenents.

-
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Table 1
No Velocity Multiplie= With Velocity Multiplier

Mass of eech 3.C g 36 g

Projectile
Velocity of

Each Projectile 1.3 x 107 or/sec 7.2 x 10€ cn/sec
Kinetic Ernergy of

Each Projectile 30 MJ G1 MJ
Thermonuclear yield

per pulse 1.¢ GJ 5.4 GJ

Froviding all the assunptinns used in e=riving at Tatle T a-c
erprovimstely correct, there is a set of projectile kinetic energy
requirerents that is corsistent with the above reactor systen
requirements. Eoth cases in Tzlle 1 have the-monuclear yielcds which
are grenter than the minimurm econonic yield and less than the vessel
containment linit.

V. Accelerzinr Cystens

Three electromzrrnetic acceleratnr systers that might meet the
Lrojectile velocity recuirenents are the rail gun accele-ztor, the
trevelling napnetic wave accelerator. and the lesc~ drivern ebletive
accelerator, Tidrar and WLoldstein Lave alsy propnsed @ plesra impulse
accelerator(hef. ().

The segmentec =¢il gur, a5 aralyeed ty havkelTf. 17) anc ty
buller. Ce-wir, and kichte- (he!l. ) seons Lo offer the most p=onice
o1 bding qceveloped into ar inject fusior accele=sta=.  Using the
inf»aetion in hefe~erces Vp ar ¢, 2ne firds the ent-ies irn Tlatle 11
{o- the ~ail g,

Parre and 7tle-s bhave stow thet the physics lirmitation »f the
tmavelling megrnetic wave accele~et2 jr the cu=rent cernsity in tre Typce
1l supe=cnrductor in the jrojectii: ~f not mare tran b x G
anjs/conete~{kFet. 1%). hLe fu-thes aorcludes that repnetic fields 2t
1M Tesla at the biph velocity end of the aceelerato= car nnt te
achicved because of the ene-py-cencity linit of cipacitere anu the
inductance of switches &iid current feeds. The lenpth of the
sccelerutn- is tharefo=c ruct 1oy e and the efficiercy nuct less thin
those piven in Lhe Irpoct busion workelop . kroax end others have
analyzed the elcotrice]l enpince-ingy aspects of the trovellingy wave
accelerato” ane shawn thot thewc s little jorcibility »f recnve-ing
Lhe eneryy storad it the napnetje field of the drive= cuil s teciune the
treetmolopy docs nobt exirt {9~ hipl voltape. bigl ecu==ent, fast openiny
switchen ot acceptotle aceclerato= lengthe(hef. 20).  The {requency
requirencents for the hijl voloacity stapes coupled with the i-—oducit 1«
inductance requimaients of the cecele=nta- enile and feeds ajetate o
cajieitor voltipe prontes than 100 kv, The plesra injulse aecele-atos
will probubly aley have the sane Ligh voltape and switehing
difficulties aus the trovelling mapnctice wive ccele=itn-,

Acceleratinn <f nac-opoarticles to the required velncities and
cricryies by laser driven ablatinn is possitle In principle. The
elticiency of conversinn of laser enenyy to progeetile kinetic eneryy



can be as high as 20%(Ref. 217); but with maximum CC. long-pulse lase=
generation efficlencies of about 25%. the overall efficiency is less

than or equal to 5%. This results in excessive energy requirements for
the laser. hone of the difficult protlens of btear blocking. focal =pot

tracking or projectile stability have been considered by the
proponents.

Sare »f the laser eblstive acccleratn= techriques aprear quite
capatle of sccelerati..p frectional pren. particles to velacities of the

order of 10€ or./sce. This eould he guite useful {2~ ragretic fusior.
reactor refueling and equation of state studiecs.

|
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hccele-ato~  Frecictec _ f-edictec I~esert Cormrerts
Tvpe tfficiercy- Length.” enarst-ated

Yeloeity -
(teec 27 1,3 X1

cr./sec)
feil Zurm 1 ' ¥ 1"%n/sec Fasily delivers 10-10KJ. Simple electrical
{3 pre, tectnolafy: inductive storege and/or rotating
rzch-ire”y and cepacitors. Felatively low
voltage(~1kv). Puch experimental data with gram
=ize macropa~ticles. Efficiency can te increased
ty going to segmented rzil gun and recovering the
rtored rarnetic field energy.
Tmevelling T3t R ey Little j~esent prospect of raising efficiency
“agretic even at this length because the technology does
ey r~t exist >~ the needed high vonltage(~150kv).
Fiflk: cu=rert. fzst opening switches.
—aze- Pl 1L p- Theemetics) -rly Fxcescive laser ene=gy equir-ements.
—iver leed fo~ mac=opa=ticle feedtack stabilization
FolEtite ard lirkt t-anarission th=ough ablated plasma
a~e p=tlers.
rlzfe . T R Trecmaticrl wly fecsibility of acceleration principle
-mpLlse cnuld te shown in a2 2ne 2~ two stage experirent.

kill have sare electric2l engineering problems
as t-avelling megnetic wave accelerator.

re zcele o *ie crcelerata” Jeritic -ulc out pany tear ~eacta= concepts that invoalve spherically
CorveE~ging tears i rzo-uia-ticies. il tetlf ccnside=s twn rmaeraparticles moving towards each ather with
eulLzl 21 oppniits velositier. Twn sonele=gto=rs =e recui=ed.

Z The zccele-zt- - efliriercy ir %re -2%in2 2f tie p-ojirctile rayloacd kinetic energy to the accelerator
irput ere"g.. o oaneonrt irotzren T eremry it rirkt te ~ecnve=ed {ror the stored nagnetic fleld. The
“egeta~ syster ~erLiqirerty z-¢ ot ~ofire: ernurk to estat lish: a fi-r lowe~ bound on the =equired efficlency.
bt STUL ls premertly lralcsted by mocter stpeijec(lef s )

E Tre sreele-zt s e tr cogler s tre coengnee o thee teer irel veloeity il one assunes constant

e lemztin

= . . ca si-m

16 o T et ee st T omet by Sbe pleln mhmerpth o7 = pamtiele pate-intl e at eorstant acceleration.



V1. Cornclusinns

There are several distinct advantages of impact fusiorn over thre
more conver.tionel inertial confineu.ent.a%bsior. ~oncepts. One &dvartafe

is the relative ease of Inserting a small macroparticle into a reactor
vessel cavity as compared with leser or charged particle team
transport. 1Irpact fusion has no analogue to the last aptical surface
of laser inertial fusion o™ the last electrode of ion 29— electron bean
fysion that could be cestroyed during the thermonucleer bu=n. Imprct
fusiosn can schieve the necessa~y high yie'ds. »f the order »f a few
glgajoules. whicl: are difficult to achieve witl lasers exct 't at
unrealistically higk target gains. The efficiency of mac~zparticle
accelerztors can be consideratly higher thar laser efficiencies. The
needed macropar-ticle accelerata~ technnlopy is nearer to reaslization
than laser tectnology. Tne rall gun acceleratosr- 1s well edapted to the
delivery of some 10=100 negajoules »f energy tn tre fusior tar~pet and
the electrical technnlopy involved 1s relatively sirple--inductive
storage anc/o= rotating mackinc=y and ceracitors.

The rail gur. has tre potential o2f devcliping into an Impact fu=ior
necroparticle accele~ato~. anc it is the rost p= rising elect-icel
acceiergting systen since its efficiency cern tc Ligh. its lengtl
relatively sho=t. arc the-e it a conside~able bady »f expe-irertel
wark. The rext step i rall gul. developrent would te to lnc-ecse tre
velocity by a factar 2f th=ed 2= {our usinfg th=ee to five grar pellets.
The final poal 2f =ail frur resep=ct ana develsrrent would thren be to
increese the velnelty by anvtre~ factor of five to cix to abteirn irpact
tusio jareneters.

Vil., Ackrowledpncrnts

he &~0 irueltec L2 b=oféecsn=r A.kergte~pr end C C.V1lerer 2f the
Lniversity ~f hashington o= c=itical aiscuseiors 2f nuct ~f tlhe
natericl presented in this review and to Irafessa- F.b.lher »f Mickifi:
wtate Lraversitly end Feof . F.hinterte=g 2f the lrive~sity ~f lLevica
[or furthen circussinls and ec=respondence conce~ring the rrte-iil
jresented @t the Injact fusion horkshs .
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